The combined use of a computer screen and a webcam has been demonstrated in several cases to provide a platform for measuring optical properties of liquid and solid samples. Here the method is utilized to measure the absorbance change in an analytical procedure aimed at determining the amount of hexavalent chromium (Cr(VI)) in water. The method calibrated on standard solutions was tested on-field on naturally contaminated spring waters. Results show a sufficient resolution to measure Cr(VI) concentration down to 5 ppb. World Health Organization recommends a maximum concentration of 0.05 mg/l (50 ppb) for chromium (as hexavalent) in drinking waters.
Introduction
Hexavalent chromium is a toxic compound with teratogenic and carcinogenic effects on humans. Its presence in the environment is typically due to anthropogenic activities 1 . Nonetheless, recently natural occurring concentrations of Cr(VI) largely exceeding the limits for groundwater quality have been found worldwide 2, 3 . These anomalies originate from oxidative dissolution, probably driven by mixed-valence Mn oxides, of Cr(III)-bearing minerals contained in particular kinds of rocks called serpentinites and ultramafites 2 , which constitute 1% approximately of the terrestrial landscape and are also found within densely inhabited areas of the Circum-Pacific and Mediterranean regions. As a consequence, the control of Cr(VI) becomes important even in absence of human activities, displacing the monitoring of this ion from the output of relevant industrial plants to natural water bodies. Besides more sophisticated techniques, an efficient detection of Cr(VI) is obtained by an analytical procedure based on the absorbance change, around 540 nm, consequent to the reaction of a sample of water with a specific reagent (diphenylcarbazide) under acid condition. In this paper, we report the measurement of absorbance changes, and then the evaluation of Cr(VI), with the computer screen photo-assisted technique (CSPT). CSPT is a measuring method whereby computer screens are used as light sources and web cameras as light detectors 4 . The method can be applied to measure spectral changes in both liquids and solid samples. As an example, it has been demonstrated to be able to capture color changes in chemical indicators 5 and to directly quantify quality parameters in wine 6 . A special arrangement, making use of two standard cuvettes, was prepared in order to measure the water sample added with added reagent with respect to a reference water sample. The system was calibrated in the laboratory with standard solutions and then tested on the field, by sampling spring waters in the La Spezia province (Liguria region, Italy). Multivariate statistics was then used both to calibrate the instrument and to estimate Cr(VI) concentration. CSPT estimates were compared with those obtained following standard laboratory analytical procedures and with those obtained by a commercial portable analyzer based on a LED -photodiode pair to estimate color changes during the reaction. Results indicate the CSPT as a valid alternative to the laboratory equipment and indicate a better accuracy with respect to the portable commercially available analyzer.
Experimental

Analytical procedure.
The used analytical procedure is based on the reaction of diphenylcarbazide with Cr(VI) at low pH. The method consists in adding 1 mL of H 2 SO 4 and 2mL of diphenylcarbazide to 100 mL of sample. The estimation of unknown Cr(VI) concentration is then based on the linear relationship between the absorbance measured at 540 nm (with respect to a blank solution made up of demineralized water and H 2 SO 4 at dilution 1:100) and hexavalent chromium concentration.
Reference samples were prepared in laboratory at concentrations of 0 ppb, 5 ppb, 10 ppb, 50 ppb, and 100 ppb. Spring water was sampled at seven different springs, in all cases Cr(VI) was of natural origin.
Reference instruments
Spectral absorbance at 540 nm was measured with a Varian Cary 500 spectrophotometer; according to the accuracy in the absorbance measurement, the Cr(VI) estimation was considered affected by a total error of ±3ppb. These spectrophotometrically-obtained Cr(VI) concentrations coincide, within analytical uncertainties, with total dissolved Cr concentrations, which were determined by Inductively Coupled Plasma -Optical Emission Spectrometry. Cr(VI) concentration in spring waters was also measured with a portable analyzer Hanna Instruments HI93723 specifically designed for Cr(VI) detection with diphenylcarbazide as reagent. The instrument is certified with a precision of ±5ppb 8 .
CSPT
Water samples were placed in standard plastic cuvette, having an optical path length of 10mm. The vials were fixed to a sample holder keeping them on the path between a computer screen and a webcam. Screen, webcam, and sample holder were placed in a suitable support properly shielded from ambient light, paying attention to the solidity of the geometrical arrangement. The monitor of a notebook computer (Dell Inspiron 6000), used as a light source, and a webcam (Philips SPC900NC) operating at a resolution of 320 240 pixels were used as source and detector, respectively. Figure 1 shows a picture of the CSPT arrangement.
The screen was programmed to display a rainbow of 50 colors from violet to red. The web camera captured the image of the vials under an illuminating sequence provided by the screen. From the video stream two regions of interest (ROI) centered on both the cuvettes were defined. RGB intensity values of the pixels enclosed by a ROI were averaged, and a fingerprint for each sample is calculated by subtracting the RGB values of the camera for the sample ROI from its complementary background.
The signals from red, green and blue channels are then concatenated in this order to form a fingerprint vector containing 50 illumination colours 3 camera colour channels. The fingerprint is the CSPT output and it is used as input of a multivariate Partial Least Squares (PLS) 8 model that has been calibrated to estimate the concentration of Cr(VI). Thus, the PLS model built on calibration samples (see section 2.1) has been applied to the field samples (spring waters).
Both CSPT measurements and multivariate data analysis were performed in MATLAB using in-house written codes. Fig. 1 . CSPT arrangement. The camera and the sample holder are fixed to the screen of a notebook where a window displays the illumination sequence. In the picture also the image captured by the camera is visible in another window. The software routine runs in Matlab. Fig. 2 shows the collected fingerprints. The largest changes of camera differential intensities are observed in the green camera channel under green color illumination. Nonetheless, PLS modeling was applied to whole fingerprints exploiting the PLS property of variable selection. As stated previously, the PLS model was built by using the calibration solutions. The Cr(VI) concentrations in these solutions were considered as non affected by errors. PLS model was optimized by a leave-one-out cross-validation procedure, and the number of latent variables was chosen minimizing the root mean square error of validation. As a result, a model with four latent variables was defined, the root means square of calibration (RMSEC) was 0.01 ppb and the root means square of validation (RMSECV) was 2.9 ppb. The error of ±2.9 ppb was then applied to the Cr(VI) estimation. Validated PLS model was applied to the fingerprints of spring waters, results were compared with those provided by the Cary spectrophotometer and the Hanna portable instrument. For these instruments the estimated errors mentioned in the previous section was applied. Fig. 3 and Fig. 4 show the Cr(VI) in natural spring water estimated by the CSPT plotted versus the values measured with the Cary spectrophotometer (Fig. 3) and the Hanna instrument (Fig. 4) . In both figures the calibration data are also plotted. The goodness of the estimation has been evaluated fitting in both cases the following relationship:
Results and discussion
where k=1 is the case of a non-biased estimation, furthermore the linear fit goodness parameter R 2 was also considered. In table 1 the fit results are shown. In both cases, CSPT tend to provide larger values with respect to the reference instruments, but the estimation is definitely much closer to that provided by the spectrophotometer. 
Conclusions
In conclusion, CSPT has been demonstrated as a valid platform to quantify the amount of Cr(VI) in a water solution through a colorimetric procedure. Cr(VI) estimation are close to those obtained by the standard spectrophotometric determination performed in laboratory. Since CSPT is a straightforward implementation of computer peripherals the method is a natural candidate for ubiquitous analyses also as a part of a robotized analyzer.
